Unmethylated, fully methylated, and hemimethylated orC-containing plasmids were assayed as substrates for DNA replication in vitro by using a system reconstituted with pure proteins. In contrast to the in vivo situation, all three substrates were initiated efficiently; the fully methylated plasmid was about twice as active as the other two.
The minimal chromosomal origin of replication in Escherichia coli, the 245-bp oriC sequence, contains 11 GATC sequences (18, 25) . GATC is the recognition sequence for Dam methyltransferase (10, 14) , which methylates the adenine in the N-6 position. As oriC is replicated, each fully methylated parental strand becomes paired with a newly synthesized and therefore unmethylated strand to yield a hemimethylated duplex, whereupon Dam methyltransferase methylates the unmethylated GATC sites in the nascent strand.
Evidence is mounting from in vivo experiments that GATC methylation is a regulatory event in the initiation of DNA replication. (i) Plasmids dependent upon oriC for replication (minichromosomes) transform dam mutants poorly (19, 24) , and hemimethylated minichromosomes accumulate after transformation (22) . (ii) Hemimethylated but not fully methylated oriC can be found sequestered in the membrane (20) . In cells growing rapidly, methylation of oriC after passage of the replication fork takes 8 to 10 min (6, 20) , a lag that may provide an eclipse period during which oriC is not available for reinitiation. (iii) In a dam mutant cell, all origins present are not initiated simultaneously (4), in contrast to the synchrony of initiation observed in wild-type cells (23) . Synchronous initiation requires a specific level of Dam methyltransferase activity (3), consistent with a model in which the rate of methylation of hemimethylated sites in oriC is critical for the timing of initiation.
In vitro experiments have failed to demonstrate any major deficiencies of undermethylated oriC as a substrate in initiation, although unmethylated minichromosomes are somewhat poorer substrates for replication than are fully methylated ones (12, 19, 24) . Recently, hemimethylated plasmids were shown to be replicated in a crude enzyme system at about half the rate of fully methylated ones (15) . In the present work we investigated the significance of the methylation status of oriC in an in vitro replication assay employing pure protein components.
The bacterial strains used for propagating the oriC-containing plasmid pTB1l1 (2) were AB1157 dam' (1) and GM2927 dam-13::Tn9 (17) . In cells carrying the latter mutation, no evidence of 6-methyl-adenine could be found in the DNA (21 After a brief lag, replication of minichromosomes is complete within a few minutes in the assay reconstituted with pure proteins (2, 13). Replication of unmethylated and hemimethylated plasmids was efficient and at about half the rate of fully methylated plasmids (Fig. 1) . Hemimethylated plasmids methylated by Dam methyltransferase to full resistance to MboI cleavage were replicated as efficiently as those purified from a dam' strain (Fig. 1) . The (Fig. 2) .
Thus, initiation of replication of hemimethylated and unmethylated oriC in a reconstituted pure protein system is efficient and about half that of a fully methylated template. It 
